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D& MSSM Higgs

e MSSM requires 2 Higgs doublets Cross Section of A (pb)

+ = 5 Higgs: h°, H°, A° and H* 107, —HAnp=
Y £= - — tanp=30
¢ % 10 & — tanp=5

+ At tree-level, MSSM Higgs fully S0 — tanp=15

specified by two parameters § 'E

~ m, = mass of CP-odd Higgs 10"
- tanP = <H >/<H > (ratio of v.e.v.'s) 10"

= Radiative corrections introduce dependence  44°
on additional SUSY parameters
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Lovoa bvvna brvn b b e s b o byt
+ Enhanced coupling to down-type A IR IR e 00 Y ‘,‘3,}‘: o)
fermions by ~2 Xtan*(3 g 3assss. b9 B—<b
= Enhanced ¢ and @b production b 4 b 0

~ Decay ~100% to bb and 1t b b 9 b
- BR(¢p—bb) ~ 0.9 >;¢< ::]>_¢<
> BR(¢p—11) = 0.1 . i TS i b
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D& DO Detector
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D& T Identification

. Lepto.mc. decays: 7, T, Leptonic .,
+ Identify 1solated electron or muon: s e
.y

T

e Hadronic decays: t_|
+ Separate into 3 categories defined by the decay mode:

Type 1 e HEAD rypes - | g
/ é:ﬂ'—* + wide

T* \\\‘Av , |TRK + CAL T < T© CAL cluster
T
Type}vpi T[°<//'y EM sub-cluster, ‘v,
TF = “Na but no TRK
*\)T Yy
N . . Isigﬂil region
. . . — DacKgroun
+ Use Neural Network (NN) to discriminate . gnaﬁ
each type from jet background
(]
~ Efficiency = 65% g
12 ! P>
~ Fake rate = 2% =0 1o N
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D& b-jet Identification

* b-quark = b-hadron = decay
~ May travel a few mm before decaying
= Displaced secondary vertex

Jet

+ Background has mostly “light jets” Displaced tracks
from gluons or light quarks

~ W/Z+jets is less than 5% W/Z+bb Recauliiaiin
Lxx/ // econdary vertex
. . . Primary vertex 4
+ Identify jets that are likely to ’ "
have a secondary vertex %o\ v
due to a B decay Prompt tracks

~ 50% - 70% efficiency for real b jets
~ 0.5% - 5% fake rate for light jets
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D> b-jet Identification

* b-quark = b-hadron = decay
~ May travel a few mm before decaying
= Displaced secondary vertex

» Background has mostly “light jets”
from gluons or light quarks
~ W/Z+jets 1s less than 5% W/Z+bb

+ Identify jets that are likely to
have a secondary vertex
due to a B decay
~ 50% - 70% efficiency for real b jets
~ 0.5% - 5% fake rate for light jets

Joseph Haley 6 SUSY 2011 - Fermilab



D5 Inclusive p—1t.; Search

Submitted to PLB, arXiv:1106.4555 he -ex
e 5.4 fb! of data [hep- ]

~5 X more than previous result: PRL 101, 071804 (2008)
«TT = oppositely charged electron and muon

T oppositely charged muon and 1, , candidate

+ Reduce W+jet background " (a)

: DG, 5.4 fb™ (u,)
with cut on m_ < 50 GeV

—o— Data

— Z-twt

= Multijet

—— Wijets

== Other EW+tt

----- ¢(120)—tt, 0=50pb

10°

e Use visible mass to test for
presence of signal

102

Events / 10 GeV

]\4121'52\/(})11_'_IDTZ—l_PT>2 10

+ Data consistent with background
= Set limits

100 150 200 250 300 350 400

Visible Mass (GeV)
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D5 Inclusive p—7T.; Results

Submitted to PLB, arXiv:1106.4555 [hep ex]

e Set model-independent limit on 6 XBR

+ Assume only that width of M, is
small compared to resolution

DO, 5.4 fb'

Expected

— Observed
Expected +1s.d.

] Expected +2 s.d.

-l
o

Cross section x Br 95% CL (pb)

=1l + v v v b v ooy
100 150 200 250 300
M, (GeV)
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D5 Inclusive p—17; MSSM Results

Submitted to PLB, arXiv:1106.4555 [hep ex]

e Set model-independent limit on 6 XBR
+ Assume only that width of M, 1s

small compared to resolution o
: - c 90
e Translate into representative =
' 80
MSSM scenarios -0
» m,™ and no-mixing, u =200 GeV  goSmmmmtnsagy
~ FeynHiggs v2.8.1 50 T
+ Expect sensitivity of tan = 30 w/—~——
for low m, (=140 GeV) 300 -
20 — D@ Expected

--------- CMS Obs. 36 pb™
-~ CMS Exp. 36 pb"

100 150 200 250 300
M, (GeV)

+ Comparable to recent 36 tb™! limits
from CMS and ATLAS
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D& ©b—1,1, ,b: Search &

) Conference Note DO Note 5974-CONF
e 3.7 tb! of data

« Complimentary to ¢—1t and pb—bbb

> b-jet = much less Z—11 background than ¢—11t
~ © = much less multijet background than ¢b—bbb

Before b-tagging: After b-tagging:

D@ Preliminary L=3.7 fbo™ KS = 018 D@ Preliminary L=3.7 fbo™ KS = 0.70
%‘ 200F -8 Data ‘0 -8- Data

a B c B
o i DBiboson g DBiboson
ud 000F C1Wi+jets W ool CIWijets
— - HRZ-ee — ERZ-ee
B 800L Bz L." Bz
QT B Multijets L B Multijets
> 600} — m,;=90 x100 g —m,=100x 5

—h
T ° T T T T

40 60 120 40 60 80 100 120
Lepton p; [GeV] Lepton p; [GeV]
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@b—1,1,,,b: Search

e 3.7 tb! of data

« Complimentary to ¢—1t and pb—bbb

Conference Note DO Note 5974-CONF

> b-jet = much less Z—11 background than ¢—11t

~ © = much less multijet background than ¢b—bbb

» Multivariate discriminants for separating tt and multijet backgrounds

8 - 6r
75 L 100 GeV 55 — Multijets
E — my= e —
6;_ ..... m: =300 GeV E — mH =100 GeV
5E- o g
4_ 3t
3;_ 2 —L
2;— ...... u _I_l_r
1 _ 1
0 0.10.2030405060.70809 1 -OIO -8 6 -4 2 0 2 4 6 8 10
NNtop output LLMJ output (mH=100GeV)
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D& @ b—1,7, b: Search

) Conference Note DO Note 5974- CONF
e 3.7 tb! of data

« Complimentary to ¢—1t and pb—bbb
> b-jet = much less Z—11 background than ¢—11t
~ © = much less multijet background than ¢b—bbb

» Multivariate discriminants for separating tt and multijet backgrounds

8 - 6F
75 —tt 100 GeV 55 — Multijets
F —my= e C
6:_ ..... =300G \Y} F —mH=100GeV . . ~
o M= =0 a- __ . D@ Preliminary L=3.7 fb™ -
4 at 2 40 e Data
at i o -E
of 2 S (3 Diboson
E 1:_ L 30 I:IW'l'iets
1=, ) "| — BEEZ - ee
£t i = © BmZ T
0902030405060708001 Y05 6 4 20 2 4 6 810 o Multii
NN, output LLMJ output (mH=100GeV) $ 20 B8 Multijets
— > == m,;=100 x10
~

_ S

» Combined to form final discriminant

'y
(=)

1
Final discriminant (m,=100GeV)

0.5
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D& ¢ b—1,7,,,b: Search

Submitted to PRL, arXiv:1106.4885 [hep-ex
e 7.3 fb! of data hep- ex

Supersedes previous 2.7 fb! publication: PRL 104, 151801 (2010)
+ Improved sensitivity

> Inclusive trigger: single muon, muon-+jet, tau+jet, missing energy+jet triggers
~ Final likelihood formed from four individual discriminants: D DMJ, NN, M,

Mhat = \/(E‘”h pE™ -I-ET) — |pr" + Py + Eql?

Do, L= 73fb1 ;data D, L = 73fb1 —-_—data
T Z + jets T Z + jets
400 Before b tagglng B 1200 Loose b tag B
350 . M 100F SSEL_ LY
300 Other [ Other
@250 S8 Sig m =110 GeV/c? 2 8o S Sigm =110 GeV/:|c2
:>j 200 :>: 60':' *b-tagging NN used
150 a0k in discriminant
100 :
50 20
% 50 100 150 200 250 300 022 -0.2 0 02 _04 06
Mnat [ GeV/c? ] D, [m, =110 GeV/c?]
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D5 @ b—71Th: Results

e Observe no sienificant exce Submitted to PRL, arXiv:1106.4885 [hep ex]
& 55 Conference Note DO Note 5974-CONF

over backgrounds
+ Set model-independent limits on 6 XBR

8Dﬂ Prellmmary L=3.7 fb D@ L = 7 3 fb1 —— Observed limit
o °F¢ . ; i a LY YT I. o
s Observed Limit 2 e == Expected limit
T = o Expected Limit — .
L | Expected Limit + 16 - o | Exp. limit + 20
il Expected Limit + 20
5 ... I Bxpocted Limit £ 26 1 4 - [ Exp. limit + 1o
2 = Ff i —
? ................................................................................................................................ m
s ; . : X
R e S X
= 8
DY NI\ S S——— a=)
3 S

e S —— =10
0 : | | | | I | | | I ] I Illllllllllllilllllllllllnllllllllll E 0
100 150 200 250 300

m, (GeV)
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Submitted to PRL, arXiv:1106.4885 [hep-ex]
Conference Note DO Note 5974-CONF

e Observe no significant excess
over backgrounds

+ Set model-independent limits on 6 XBR
+ Translate to MSSM exclusion in M, X tanf3 plane

«.100 LT b 100D, L =73 16" Tuliaib
E (b) m_max, u=+200 GeV
g gb — bo
I Observed limit | &
—— Expected limit ] s
. LEP 7 = D@ expected
1] F B DS exclusion
------ D% Thadb 2710 1 1 i [ LEP exclusion

= CMS obs. 36 pb ' [10]

..... CMS exp. 36 pb'[10]

100 120 140 160 180 200 9700 150 200 250 300
m, (GeV) M, [ GeV/c?]
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D5 @ b: Combination

.....

1hati : : Confi Note DO Not 6227-(:0151?
e DO combination of associated (Pb pI'OdllCthIl onference Note ote

> pb—1,T;,,b With 7.3 fb™!
> @b—bbb with 5.2 fb"! (See previous talk by Tom Wright)
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@ b: Combination

N, -
MAsSACE

Conference Note DO Note 6227-CON

* DO combination of associated ¢b production
> pb—1,T;,,b With 7.3 fb™!
> @b—bbb with 5.2 fb"! (See previous talk by Tom Wright)

DO, L=7.3fb"
(b) m_max, u=+200 GeV

= DO expected
I DS exclusion
[ LEP exclusion
= CMS obs. 36 pb™'[10]
CMS exp. 36 pb'[10]

100 150 200 250 300
M, [ GeV/c”]
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D5 @ b: Combination

Conference Note DO Note 6227-CON

* DO combination of associated ¢b production
> pb—1,T;,,b With 7.3 fb™!
> @b—bbb with 5.2 fb"! (See previous talk by Tom Wright)

DD, L=7.3 b PLB 698, 97 (2011)

‘ .
R c
(b) m_ max, u=+200 GeV 2 Qo 120 :
L : DJ exclusion
100 LEP exclusion e

= DO expected
I DS exclusion
[ LEP exclusion
= CMS obs. 36 pb™'[10]
CMS exp. 36 pb'[10]

100 150 200 250 300 100 150 200 250 300
M, [ GeV/c”] M, [GeV]
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L @ b: Combination

S
L drassacsS

Conference Note DO Note 6227-CON

* D@ combination of associated @b production
> pb—1,T;,,b With 7.3 fb™!
> @b—bbb with 5.2 fb"! (See previous talk by Tom Wright)
~ Correlate uncertainties: b-tag efficiency and jet modeling
+ Limits on o(gb—@b): Assume narrow Higgs and sum rule: BR(¢—1t) + BR(¢—bb) = 1
+ Translate to M, X tanf} plane

2
=10? ©
2 D@ Preliminary, 5.2-7.3fb' £ 90
-
(&) Observed BR(h—>tt) = 10% .
£ N®™R 2 e Expected BR(h—tt) = 10% - DO exclusion
0 Observed BR(h—stt) = 6% .
2 NN 00 e )~ [ 1 LEP exclusion
= Observed BR(h—tt) = 14%
T . [~ N\N\Ne. - Expected BR(h—1t) = 14%
o 10 [ M, = +200 GeV, tanB = 40
- B 7,1 = -200 GeV, tan = 40
c B Tree-level MSSM;
-_.9_ — (assume 15% error on O)
171 n
@
o L — DY Observed
2 — DY Expected
o 1
B | 1 1 1 1 | 1 1 | 1 1 ‘;L L T T~ Y .
100 150 200 250 300 1 00 1 50 200 25 300
M, [GeV] M, [GeV]
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D& Conclusions

e DO active in SUSY Higgs searches
+ Results with up to 7.3 fb! of data
+ Probing theoretically interesting regions

» Combination of T channels expected soon

e LHC experiments are moving very fast

» Time to pass the baton
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thank you
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D5 CMS

CMS Preliminary 2011 1.1 fb’

tanp

------ 1o theory
----------- CMS expected
W Do 7.3 fb!
e I LEP

.......... ) — CMS 2010 observed
10 <es-: CMS 2010 expected
MSSM m™ scenario, M_ _ =1 TeV

SUSsY

100 150 200 250 300 350 400 450 500

m, [GeV]
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D& DA Detector

= Central Tracking System
~ Silicon Micro-strip Tracker
> Central Fiber Tracker
> 2 T Solenoid Magnet

~ Calorimeters
> Central Calorimeter (CC)
> End Calorimeters (EC)

= Muon System
~ 3 sets of detectors
~ Scintillating tiles
> Gas Drift Tubes
> 1.8 T Toroid Magnets

t

‘31] %
7
Dro %
Qs
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D> Limit Setting
e Frequentist approach

+ If the experiment is repeated many times, what fraction would find a more
extreme result?

~ Need to simulate repeating the experiment many times
~ Generate ensembles of pseudo-experiments allowing statistical and systematic fluctuations
= Two hypotheses: Background only and Signal+Background
~ Need a test statistic
> Poisson log-likelihood ratio:
P(x,;s+b)
P(x;b)

x = observed number of events
s = predicted number of signal events
b = predicted number of background events

LLR = —2log

~ Systematic uncertainties mean that s and b are not exactly known
~ Fit systematics to observed data (or pseudo-experiment data) before calculating LLR

~ Now we can construct the LLR probability distribution for each hypothesis and see
how they compare to the observed LLR
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D& Limit Setting

+ CLg = probability of measuring a
more background-like result when Slgnal like=——— — background-like

> 0041
signal 1s actually present B F 4 —S+BLLR
e : S | —B-only LLR
+ 1 — CL; = probability of measuring £ ,,E Ty
. . E E ;I-CL o —Observed LLR
a more signal-like result when there 2 oosf | o
1s actually no signal 0,02/
* 95% CL limit
+ Could use CLq, 5 YE T\ E
0.005
>~ The cross section where CLg.5 = 5% ks -
05 . : : 35
= But what if 1 — CLj 1s also small? NLLR
> The observed LLR is also inconsistent with the background only hypothesis!
— CLS+B
+ Use CL¢ = T—CL,

= The cross section where CL¢ = 5%

~ Protects against setting limit too tight when the background is poorly modeled
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